The survival of patients with cancer, AIDS, and congenital immunodeficiency has been improved by the development of better anticancer and antimicrobial therapy and by the development of effective bone marrow transplantation. Regardless of the temporary benefit conferred by suppressing opportunistic infections that are aggravated by the underlying illness or the associated chemoradiotherapy, the ultimate outcome for these patients depends on recovery of the immune system [1] . However, the clearance of preexisting asymptomatic or mildly symptomatic opportunistic infections associated with immune recovery is not necessarily a smooth and painless process.
The local or systemic inflammatory response syndrome triggered during the recovery of the innate and adaptive immune system can result in paradoxical clinical deterioration. The degree of tissue damage would depend on the tissue burden of the preexisting microbes and the restriction or exactness of the immune system being restored. Examples reported recently include the onset of fundoscopic deterioration with cytomegalovirus (CMV) retinitis and the clinical and radiological worsening of pulmonary tuberculosis in patients with AIDS who received antiretroviral therapy [2] [3] [4] [5] [6] [7] .
We are not aware of any report that documents the chronological changes in CD4 ϩ lymphocyte or neutrophil counts, changes in tissue microbial load, and clinical deterioration in HIV-negative individuals during immunorestitution. We report the clinical, microbiological, and hematologic profiles of 2 patients with paradoxical worsening of their infections during immune recovery and review the relevant English-language literature.
Patients and Methods
The clinical records of the case patients were analyzed and summarized. Pneumocystis carinii pneumonitis was diagnosed by methenamine silver staining of 100 mL of bronchoalveolar lavage (BAL) fluid subjected to cytospinning (Cytospin 2; Shandon, Pittsburgh, PA). The entire smear was examined under 400ϫ magnification, and the number of stained cysts was quantified [8] . CMV infection was diagnosed by semiquantitative PCR assay of plasma, monoclonal antibody staining for the CMV pp65 antigen in peripheral blood leukocytes, and shell vial culture of a standardized volume of BAL fluid. The longitudinal collection of plasma or buffy-coat specimens from the case patient were retrieved from storage at Ϫ70ЊC for microbiological and immunological study. Laboratory procedures were followed as reported elsewhere [9, 10] . For semiquantitative nested PCR of CMV, 100 mL of each serum specimen was extracted by the QIAamp DNA Mini Kit (Qiagen; Chatsworth, CA).
The DNA extract was eluted in 100 mL of eluant provided by the manufacturer. A serial dilution was performed (1, 1/2, 1/4, 1/10, 1/20, 1/40, and 1/100), and 10 mL of each dilution was used for PCR. The extracts were amplified by external primers with denaturation at 94ЊC for 1 min, annealing at 55ЊC for 1 min, and extension at 72ЊC for 1.5 min in an automated thermal cycler (Per-kin-Elmer Cetus, Gouda, the Netherlands). The process was repeated for 20 cycles. Ten microliters of the first-round PCR amplicon was amplified by another set of internal primers, which underwent a similar temperature cycle for 30 cycles. The final PCR product of 168 bp was detected by gel electrophoresis.
A CMV pp65 antigenemia assay was performed according to the methods of The et al. [11] . As for the shell vial culture of CMV and detection of early antigen fluorescent foci, 200 mL of BAL fluid was inoculated into human embryonic fibroblast cells in shell vials incubated at 37ЊC with 5% CO 2 for 48 h. The cells were stained with fluorescein-conjugated mouse monoclonal antibody to CMV (Chemicon International, Temecula, CA) to detect CMV immediate-early antigens and early antigens.
The CD4 ϩ lymphocyte count was determined on a peripheral blood film using the labeled avidin biotin method (LSAB plus alkaline phosphatase kit; Dako, Carpinteria, CA); the CD4 : CD8 ratio was also determined on a peripheral blood film but using monoclonal antibodies to CD4 and CD8 (Dako). In brief, after fixation of the blood film with formalin/acetone/methanol, the primary and secondary antibodies were stained with Meyer's hematoxylin. We calculated the positive cells as a percentage of all lymphocytes present, and the CD4 ϩ and CD8 ϩ lymphocyte counts, taking into account the absolute lymphocyte count.
Definition of immunorestitution disease (IRD).
For the purpose of this study, IRD is defined as an acute symptomatic or paradoxical deterioration of a (presumably) preexisting infection that is temporally related to recovery of the immune system and is due to immunopathological damage associated with the reversal of immunosuppressive processes, such as withdrawal of corticosteroids, recovery of the neutrophil count from chemotherapy, engraftment after bone marrow transplantation, or highly active antiretroviral therapy (HAART) for AIDS. The preexisting microbial infection could be either asymptomatic or mildly symptomatic.
Time to development of IRD in HIV-negative patients. For patients with preexisting viral infections due to hepatitis B virus (HBV), parainfluenza virus, and respiratory syncytial virus, the time to development of IRD is defined as the interval between the withdrawal of immunosuppressive agents or the day of bone marrow engraftment and the onset of clinical symptoms or signs of IRD. For patients with fungal infections due to Aspergillus or Candida species, it is defined as the interval between the recovery of the absolute neutrophil count (ANC) to 500 cells/mL and the onset of IRD.
Definition of engraftment in bone marrow transplant recipients. Engraftment is defined as a peripheral absolute neutrophil count of 500/L.
Time to development of IRD in HIV-positive patients. For patients with preexisting viral infections due to CMV, HBV, or hepatitis C virus (HCV) or mycobacterial infections due to Mycobacterium tuberculosis, Mycobacterium avium complex, Mycobacterium xenopi, or Cryptococcus species, the time to development of IRD is defined as the interval between the initiation of HAART and the onset of signs or symptoms of IRD.
Literature review. We searched the English-language literature using the MEDLINE databases of the National Library of Medicine. To search for the cases in HIV-negative patients listed in tables 1 and 2, we used the keywords "immunosuppressive withdrawal," "chemotherapy withdrawal," "bone marrow transplantation," "hepatitis B," "liver failure," "neutrophil recovery," "candidiasis," and "aspergillosis." To search for the cases in the HIV-positive patients listed in tables 3 and 4, we used the keywords "HIV," "highly active antiretroviral therapy," "immune reconstitution," "immune restitution," "immune recovery," "paradoxical," "opportunistic infection," "CMV," and "tuberculosis." We included all case reports and clinical studies in this study that fit our definition of IRD. When appropriate, the cited bibliographies were also retrieved for further analysis.
Case Reports
Case one. A 31-year-old woman was admitted to our institution (Queen Mary Hospital, Hong Kong) for investigation of Cushing's syndrome. She had a morning cortisol level of 3300 nmol/L (normal range, 150-720 nmol/L). Endocrine function tests confirmed the diagnosis of pituitary-dependent Cushing's disease. Therapy was started with metyrapone (11-b hydroxylase inhibitor) on day 0 to block the adrenal corticosteroid synthesis, and transphenoidal resection of the functional pituitary tumor was planned (figure 1).
On admission her WBC count was normal, but the differential count revealed lymphopenia (300 cells/mL) and a CD4 figure 1) . CT of the hepatobiliary system yielded normal findings. Serology for hepatitis A, B, and C infections was negative.
Four days after treatment with metyrapone, the patient developed persistent low-grade fever, with temperatures ranging from 37.3ЊC to 37.8ЊC. Her ALT level increased to a maximum of 416 IU/L on day 3 of metyrapone treatment but subsequently decreased and spontaneously returned to normal without specific treatment on day 12. On the same day, she developed a fever (temperature, 39.5ЊC), which was associated with increasing respiratory distress and arterial hypoxemia. Chest radiography on that day showed bilateral hilar infiltration with diffuse alveolar shadows in the lower zones, which were not visible on the chest radiograph obtained 2 days earlier. The CD4 ϩ lymphocyte count was 1092 cells/mL on the day her condition began to deteriorate.
She was transferred to the intensive care unit for ventilatory support with 100% oxygen. Emergency bronchoscopy did not reveal any endobronchial lesions. BAL specimens were sent for microbiological and cytological examination. Fifty milliliters of saline was injected in the right middle and lingular bronchi, and 35 mL of BAL fluid was recovered. P. carinii was detected: ∼250 cysts/mL of BAL. Cytological examination revealed abundant lymphocytes, neutrophils, and bronchial epithelial cells. CMV was detected by shell vial culture, with 13 fluorescent foci per 200 mL of BAL fluid. CMV pp65 antigen testing was positive at 3 cells/10 5 neutrophils. After metyrapone treatment, the morning cortisol level progressively decreased from 2270 nmol/L (day 0) to 575 nmol/L (day 12) (figure 1). The drop in cortisol level was associated with normalization of the absolute lymphocyte count, from 300 cells/mL to 2600 cells/mL, whereas the CD4 ϩ lymphocyte count increased to 1092 cells/mL. Concurrent semiquantitative PCR of stored plasma taken on day 0 and day 12 showed a 10-fold decrease in CMV DNA titer after treatment with metyrapone.
The tentative diagnosis was that during recovery of the CD4 ϩ lymphocyte count, asymptomatic clearance of CMV hepatitis had occurred but pneumonitis developed as a result of a severe inflammatory response to P. carinii and possibly CMV. The patient was treated for P. carinii pneumonitis with high-dose trimethoprim (20 mg/kg/d) and sulfamethoxazole (100 mg/kg/d) in 4 divided doses for 21 days. Tapering doses of adjuvant corticosteroid were given as recommended [34] . For treatment and prevention of possible concomitant CMV pneumonitis and systemic CMV disease, ganciclovir (250 mg iv every 12 h) was given along with tapering doses of methylprednisolone. The patient recovered completely and was discharged on day 30. Her serum was negative for HIV antibody. Case two. A 51-year-old woman at our hospital who had acute myeloid leukemia was noted to have fever and an asymptomatic radiographic pulmonary consolidation over the leftmid-zone before induction chemotherapy. Blood and sputum culture for bacteria, fungi, and acid-fast bacilli were negative, and induction chemotherapy with cytosine arabinoside (100 mg/m 2 ) and daunorubicin (50 mg/m 2 ) was started under coverage with iv ceftazidime (2 g every 8 h). Because of the persistence of fever, neutropenia (ANC, 30/mL), and radiographic pulmonary changes, bronchoscopy and BAL were performed on day 7 of chemotherapy. Culture of the BAL fluid yielded Aspergillus terreus, but the concentrated smear was negative [35] .
The patient was given ceftazidime and amphotericin B (1 mg/ kg/d) for prolonged neutropenic fever and pulmonary aspergillosis. The WBC count started to recover on day 36, at which time ANC was 530 cells/mL. Ten days later the ANC had increased to 1500 cells/mL, but there was a progressive increase in blood-streaked sputum, pleuritic chest pain, and fever. Repeated chest radiography showed an enlarging left-mid-zone shadow with evidence of cavitation and abscess formation. Bronchoscopy was performed on day 54 and revealed mucosal swelling at the apical segment of the left lower lobe. Examination of a direct smear of the BAL fluid showed the presence of fungal elements and numerous neutrophils. The concomitant peripheral blood ANC was 2400 cells/mL. A. terreus was again cultured from the BAL fluid. She recovered after 102 days of therapy with iv amphotericin B (total dose, 4 g), and consolidation chemotherapy was continued.
Literature Review
Our review of the literature in English found a total of 109 disease episodes (cases) in 107 patients that fit the definition of IRD. The patients' ages ranged from 12 to 69 years, with a median of 38 years. Forty cases were in males and 23 in females; for 46 cases, the age and sex of the patient were not mentioned.
Sixty-one patients (tables 1 and 2) were HIV-negative patients with hematologic malignancies (46), solid tumors (3), nephrotic syndrome (2), autoimmune diseases (2), severe combined immunodeficiency (6), or renal transplants (2). Among these HIVnegative patients, the source of immunosuppression was steroid therapy alone (1.6%), cytotoxic therapy alone (55.8%), steroid and cytotoxic therapy (29.5%), or bone marrow transplantation (13.1%). Preexisting infections were those due to Aspergillus species (37.7%), Candida species (13.1%), HBV (39.3%), parainfluenza virus (8.2%), and respiratory syncytial virus (1.7%).
The median time from recovery of neutrophil counts or the end of steroid therapy to the development of IRD was 8 days for pulmonary aspergillosis and hepatosplenic candidiasis and 21 days for viral diseases, such as hepatitis B and viral pneumonitis. In 14 cases, this time interval was not mentioned. The outcome was not mentioned in 6 cases, but 41 of (67.2%) 61 patients died. Eleven patients were treated with inhaled or systemic steroids for IRD, but only 2 of them survived.
Clinical features of pulmonary aspergillosis included hemoptysis, cough, pleuritic chest pain, pneumothorax, and radiographic worsening in terms of enlargement of lesions, cavitation, or effusion. Manifestations of hepatosplenic candidiasis included abdominal pain, increasing ductal enzyme levels, and ultrasonographic evidence of enlarging abscess with the typical bull's eye lesion. Viral pneumonitis was predominantly manifested by respiratory failure and diffuse interstitial radiographic changes typical of pneumonitis. Deterioration due to hepatitis B presented as jaundice, upper abdominal pain, ascites, and features of hepatic failure.
Forty-six HIV-positive patients (tables 3 and 4) who had 48 episodes of IRD were reviewed. All episodes were related to the institution of HAART. Before the initiation of therapy, the CD4 ϩ lymphocyte count ranged from 2 cells/mL to 220 cells/ mL, with a median of 26 cells/mL. After HAART, the CD4 ϩ lymphocyte count increased to a median of 149 cells/mL and ranged from 5 cells/mL to 420 cells/mL. In 4 reported episodes For mycobacterial and fungal infections, the median interval between initiation of HAART and the onset of IRD was 11 days, whereas the interval for viral infections was 42 days. The interval was not mentioned for 4 cases. Fever was reported to occur in 20 (74%) of 27 cases of mycobacterial disease and in 3 of 4 cases of cryptococcal infection but not in those of viral disease. Ocular manifestations of CMV disease included visual loss and fundoscopic changes of inflammatory retinitis, vitritis, papillitis, and macular edema. Abdominal pain, ascites, pleural effusion, hepatosplenomegaly, testicular enlargement, tender cervical lymphadenopathy, and skin lesions were reported to occur in the cases of mycobacterial disease.
Chest radiography and CT scanning revealed effusions, mediastinal and retroperitoneal lymph node enlargement, and worsening pulmonary parenchymal or miliary shadows. Focal necrotizing lymphadenitis with well-formed granulomas was noted in patients with M. avium complex infection. The manifestations of HBV and HCV infection were similar to those in HIV-negative patients. No deaths caused by IRD were reported to occur among HIV-positive patients. Good response was obtained with the use of systemic steroids (8 cases), repository steroids (1), and a nonsteroidal anti-inflammatory agent (1).
Discussion
The immune system has been demonstrated to play a critical role in host defense against opportunistic infections in neutropenic patients recovering from chemoradiotherapy, patients with AIDS who are receiving HAART, and congenitally immunodeficient patients who are undergoing immunoglobulin replacement or have undergone bone marrow transplantation. However, there are also anecdotal reports on the deleterious and occasionally fatal effects of inflammatory or immunopathological damage that comes with restitution of the immune system [12] [13] [14] [15] [16] [17] [18] .
Many terms have been used to describe this disease entity, including immune recovery disease [4] , immune reconstitution disease [36] , immune restoration disease [29, 37] , immune rebound illness [38, 39] , and steroid-withdrawal disease [19] . The term "immunorestitution disease" is used here to express the concept of immunosuppression followed by a "bouncing back" of the immune system. Attention to this disease entity was recently raised by a series of reports concerning HIV-positive patients presenting with a paradoxical inflammatory response to preexisting viral and mycobacterial infections after HAART [2] [3] [4] [5] [6] [7] . However, little attention has been devoted to the existence of a similar entity in HIV-negative patients, and a clear and encompassing concept of IRD related to innate and adaptive immunity has not yet been formulated.
IRD related to adaptive immunity is illustrated in our first case. The onset of severe P. carinii pneumonitis and possibly CMV pneumonitis occurred while the CD4 ϩ lymphocyte count was 1092 cells/mL, on day 12 of metyrapone therapy for Cushing's disease. Though low-grade fever started on day 4 of metyrapone therapy, there were no clinical and radiographic features suggestive of inflammatory damage of the lungs until recovery of the CD4 ϩ lymphocyte count. It is interesting that the liver function improved as the CD4 ϩ lymphocyte count increased, a circumstance suggesting that the patient might have had CMV hepatitis during immunosuppression with high levels of endogenous steroid.
Systemic CMV infection was also evidenced by a 10-fold reduction in CMV DNA in the blood after recovery of the CD4 ϩ lymphocyte count. It is presumed that both CMV and P. carinii were present in the lungs subclinically before the CD4 ϩ lymphocyte count increased. However, we concede that there is an extremely low possibility that the P. carinii pneumonia was incidentally acquired when the CD4 ϩ lymphocyte count was normal and at the highest point in the course of the patient's illness. The CD4 ϩ lymphocyte count decreased rapidly to 600 cells/mL on the day of clinical deterioration before initiation of therapy with methylprednisolone, presumably because of CD4 ϩ lymphocyte migration into the lungs, as evidenced by the numerous lymphocytes detected in the BAL specimen. This may also explain the decrease in CD4 ϩ lymphocyte count during IRD in the 4 patients receiving HAART (cases 83a, 84, 89, and 90; 4).
IRD related to innate immunity is illustrated by the second case. Similar cases have been reported in the literature but not from the perspective of paradoxical inflammatory damage due to recovery of the innate immune system [23, 24] . Unlike previously reported cases, our patient had preexisting A. terreus infection; presence of the organism in BAL during neutropenia was documented. Clinical symptoms and radiographic changes worsened while the neutrophil count increased to 2400 cells/ mL. The release of proteolytic enzymes from neutrophils, causing lung-tissue destruction, probably facilitated the release of the hyphae into the bronchial lumen and pulmonary vasculature [23] . This may explain why only the second BAL specimen revealed typical findings of septated branching hyphae with dichotomous branching and numerous neutrophils, as well as the subsequent hemoptysis and radiological deterioration.
Preexisting asymptomatic or mildly symptomatic infections were documented clinically, serologically, or microbiologically in 86 (78.9%) of 109 episodes of IRD reported in the literature. In some cases, the preexistence of the microbes was presumed because the pathogen was much more likely to have been acquired during the intense immunosuppression than when the relevant laboratory markers of the immune system were already within normal limits. As expected, the infecting organisms in IRD were either slow growers, such as M. tuberculosis and Cryptococcus species, or opportunistic pathogens of relatively low virulence, such as M. avium complex, Aspergillus, and Candida. Similarly, the damage caused by latent viruses such as HBV is mainly immunopathological and may appear only after immunorestitution.
No pyogenic bacterial infection in cases of IRD was reported, probably because of the almost universal usage of potent and effective antimicrobials or because the fulminant course of severe pyogenic infections during immunosuppression would have resulted in early death.
Immune recovery was well documented in most of the HIVpositive patients by an increase in CD4 ϩ lymphocyte counts, even though the interval between the onset of symptoms and the determination of CD4 ϩ lymphocyte counts was not mentioned in many reports. In some HIV-negative cases, immune recovery after the administration of steroids or cytotoxic agents ended was only inferred since the exact dates of cell count determinations were not mentioned. The number of circulating neutrophils or CD4 ϩ lymphocytes does not always reflect their number in the involved tissues or their in vivo functional status. Even less is known about the relationship of IRD to pathogenspecific CD4 ϩ and CD8 ϩ lymphocytes and antibody subsets. Thus, in cases 83a, 84, 89, and 90, the CD4 ϩ lymphocyte count apparently decreased despite HAART and does not necessarily exclude IRD.
Though a clear temporal sequence was apparent, the interval between the onset of immune recovery and IRD was variable. It appeared that in both HIV-positive and HIV-negative patients, the period was 21-42 days for viruses and only 8-11 days for fungal and mycobacterial diseases. The latter pathogens are nonobligatory intracellular or extracellular organisms, in contrast to viruses, which are obligatory intracellular pathogens. This phenomenon raised the possibility that the pathogen-specific adaptive CD8 ϩ cytotoxic T cell response may recover later than does innate neutrophil-mediated or adaptive CD4 ϩ cell-mediated immunity. This postulation was confounded by the difference in the definition of this interval and the fact that the CD8 ϩ lymphocyte count may not correlate with the degree of virus-specific lymphocytic cytotoxicity.
Clinical manifestations of opportunistic infections during immunosuppression are characterized by a high microbial tissue burden and systemic dissemination. In contrast, the manifestations of IRD are characterized by severe inflammatory and typical host responses to preexisting microbes. In patients with prolonged neutropenia and disseminated fungal infections due to Aspergillus and Candida species, fever was the only initial symptom, and subsequent dissemination to skin, brain, and viscera often occurred concomitantly with shock. In patients with pulmonary aspergillosis, radiographic lesions during immunosuppression that were shown by chest radiography or CT scanning were due to the presence of mold or infarcted tissue.
During immunorestitution, pulmonary cavitation with central necrosis and massive hemoptysis might become clinically and radiologically overt [23, 24] . As for hepatosplenic candidiasis during immunorestitution, severe nausea, vomiting, upper abdominal pain, elevated alkaline phosphatase levels, ultrasonographic evidence of multiple well-formed abscesses with bull's eye lesions, and histologic findings of granulomatous inflammation with microabscesses and hyphae or pseudohyphae have been reported [40] [41] [42] [43] [44] .
Primary or reactivated M. tuberculosis infection in immunosuppressed hosts may be rapidly progressive and be manifested by persistent fever, wasting, and extrapulmonary spread with high mycobacterial load [45, 46] . Chest radiography may yield normal findings or show miliary lesions. Skin tests with purified protein derivative (PPD) were always negative in our study. During immunorestitution, a severe inflammatory response to both pulmonary and extrapulmonary foci loaded with acid-fast bacilli resulted in worsening of pulmonary lesions, hypertrophy, and hyperplasia of the reticuloendothelial tissues of the liver, spleen, and lymph nodes. Histologic evidence of granulomatous inflammation would appear and the PPD skin test would turn positive [5] [6] [7] .
In patients with AIDS whose CD4 ϩ lymphocyte counts were !200 cells/mL, CMV retinitis was characterized by noninflammatory necrotizing lesions even in the presence of extensive retinal involvement, distinct from the fundoscopic changes of inflammatory retinitis, vitritis, papillitis, and macular edema that occurred after treatment with HAART [2] [3] [4] . In patients with severe combined immunodeficiency, respiratory viral infections due to parainfluenza virus and respiratory syncytial virus could present with mild upper or lower respiratory symptoms, with high levels of viral shedding. At the time of engraftment after bone marrow transplantation, there could be rapid deterioration, with fulminant pneumonitis and respiratory failure [20] . Diagnosis of IRD is never simple or straightforward since there are no clinical or laboratory tests that are specific for IRD. Indeed, IRD is a diagnosis of exclusion. During immunorestitution, paradoxical worsening of clinical symptoms and signs of a preexisting infection should be carefully investigated. Such presentations may be a result of inadequate antimicrobial therapy, development of drug resistance, superinfection by other organisms, or development of noninfectious complications. A diagnosis of IRD can be made after all these possibilities are excluded.
Development of IRD probably requires an interaction between the tissue burden of preexisting microbes, virulence of the organism, and exactness or restriction of the immune system. Three combinations can be envisaged. First, patients with a high microbial load or infected with more virulent microbes may die of overwhelming sepsis even before recovery of the immune system. This is exemplified by the absence of pyogenic bacterial infections reported in IRD. Second, patients with a low microbial burden and orderly recovery of the immune system may have only subclinical IRD, so the diagnosis may be missed. Thus only the third group of patients, those with an appropriately significant microbial burden and relative "overshooting" of immune recovery, may have a clinically significant systemic or local inflammatory response during immunorestitution. Factors affecting the onset and severity of IRD during immune recovery still await further study. Morbidity was clearly documented for IRD, as systemic or local inflammatory response and loss of function. However, mortality attributed to IRD was not as certain. No mortality was reported for AIDS patients receiving HAART, but a high mortality was noted among HIV-negative patients. This phenomenon is primarily confounded by the lack of highly effective antifungal or antiviral therapy against Aspergillus, Candida, and hepatitis and respiratory viruses.
The therapeutic intervention for IRD is not well established. The use of appropriate antimicrobial agents is the prerequisite for success in most cases. Anti-inflammatory agents such as nonsteroidal drugs and local or systemic steroids seem to give promising results in terms of arrest of the acute inflammatory damage during IRD after initiation of HAART in HIV-positive patients. However, the results of steroid use for hepatitis flareups induced by chemotherapy withdrawal were disappointing in patients with chronic hepatitis B.
The ideal situation in the treatment of IRD is to attain exact control of the overwhelming immune system by immunomodulation. For example, iv infusion of immunoglobulin combined with ganciclovir has been proven to reduce the mortality associated with postengraftment CMV pneumonitis in bone marrow transplant recipients [47] . It should also be investigated for use against IRD related to respiratory syncytial virus and parainfluenza virus infection. Recently, a combination of thalidomide plus antibiotics was shown to protect rabbits in an experimental model from death due to tuberculous meningitis, via the inhibition of tumor necrosis factor [48] . Although the role of interleukins and cytokines in IRD is still uncertain, immunotherapy should be the future direction of treatment. IRD may be prevented if asymptomatic infection is screened for and appropriate prophylaxis is given before and throughout the period of immunosuppression. However, it seems imprudent to treat all such asymptomatic patients, since it appears that only a minority will develop immunopathological damage. Prophylaxis should be considered for certain high-risk patients such as bone marrow transplant recipients. Antimicrobial therapy plus short-term immunosuppression with gradual dose reduc-tion may decrease morbidity and prevent permanent functional loss [5, 6] .
Preemptive immunosuppression with steroids, without simultaneous effective antimicrobial coverage, is probably counterproductive in the treatment of IRD. Adoptive transfer of pathogen-specific immune function may also be effective in preventing the onset of symptomatic disease when the tissue burden of the pathogen is still low. This was illustrated by the prophylactic use of CMV-specific cytotoxic T lymphocytes in allogeneic bone marrow transplant recipients [49] . This therapeutic modality is especially important if no effective antimicrobial is available or resistance to prophylaxis develops rapidly. IRD is an emerging clinical entity that merits further study.
